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k , 𝑘𝑘−1 - Reaction constant of the forward and the reverse uncatalyzed 
reaction  (cm6 mol−2 min−1) 
𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟  - Kinetic constant at a reference temperature  
𝑘𝑘𝑐𝑐𝑐𝑐𝑐𝑐
𝑟𝑟𝑟𝑟𝑟𝑟  ,𝑘𝑘−𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟  - Kinetic constants of the forward and the reverse reaction at a 
reference temperature ( cm3 gcat− 1 min− 1) 
𝑟𝑟𝑢𝑢𝑢𝑢  - Rate of uncatalyzed reaction (mol min− 1 cm− 3) 
𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐  - Rate of catalyzed reaction (mol min− 1 gcat− 1) 
𝐶𝐶𝑖𝑖  - Liquid phase bulk concentrations(mol cm
-3) 
𝐸𝐸𝐴𝐴 - Activation energy (kcal/mol) 
𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟  - Reference temperature (373.16 K) 
𝑇𝑇 - Temperature (K) 
𝑅𝑅 - Universal gas constant (kcal mol− 1 K− 1) 
A - Pre-exponential factor (cm6 mol−2 min−1) bi - Adsorption equilibrium constant (𝑐𝑐𝑐𝑐3𝑐𝑐𝑚𝑚𝑚𝑚−1) 
𝑣𝑣𝑖𝑖  - Stoichiometric coefficient 
𝑉𝑉𝐿𝐿 - Reaction volume (cm
3) 
𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐  - Mass of the catalyst (g) 
𝑢𝑢𝑖𝑖  - Number of moles of the component (mole) 
n - Number of components in a mixture 
t - Time (min) 
𝜌𝜌i - Density of the components (g cm− 3) 
𝜌𝜌n - Density of the mixture (g cm− 3) 




𝑋𝑋� - Average of initial amount of components 
𝑤𝑤𝑖𝑖  - Mass fraction of component in a mixture 
𝑐𝑐𝑖𝑖  - Mass of component (g) 
𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐  - Total mass of mixture (g) 
xi - Reaction temperature of experimental data (K) 
yi - Oleic acid Conversion % of experimental data 
x’i - Reaction temperature of predicted data (K) 



























WCO - Waste cooking oil 
FAME - Fatty acid methyl ester 
FFA - Free fatty acid 
A - Oleic acid 
M - Methanol 
E - Ester  
W - Water 
TG - Triglyceride 
DG - Diglyceride 
MG - Monoglyceride 
G  Glyceride 
ANOVA  Analysis of variance 
RMS  Root mean square  
RSM  Response Surface Methodology 
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